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Solutrean culture has been interpreted as a response to the Last Glacial Maximum in western 
Europe. However, to establish a link depends of our knowledge of the impact of global climatic 
changes at a local level and of the differential preservation and significance of the record. The 
identification of lithic sources, technology, function, and place of discard, is an effective way to 
mitigate some of these biases and to improve our understanding of hunter-gatherer societies. 
 We present the results of a study of flint materials found in several rockshelters and open-
air sites preserving Upper Solutrean lithic assemblages from France and Portugal, using a 
Geographic Information System. The network defined by a least-cost algorithm is considered a 
proxy for social and territoriality reconstruction.  
 Our goal is to identify recurrences and differences in Solutrean raw material network 
and management as compared with Middle Paleolithic and Upper Paleolithic assemblages in the 
same areas, considering environmental changes. 
 
MANY ASPECTS OF VARIATION in hunter-gatherer socioeconomics are closely constrained by 
environmental factors such as the patterning of exploitable resources. Human behavioral ecology 
provides one suitable framework from which researchers gain an understanding of the 
covariation of hunter-gatherer lifeways and environmental factors through comparative 
ethnographic datasets (e.g., Kelly 1995), which have in turn, heavily influenced archaeological 
interpretations of hunter-gatherers (e.g., Banks et al. 2009; Binford 2001). We argue that such 
frameworks are particularly useful for understanding hunter-gatherer settlement systems and 
subsistence technology as cultural adaptations to the environmental pressures of the Last Glacial 
Maximum (LGM). Traditionally, analyses that use a similar theoretical framework examine the 
distribution of sites and tool typologies to identify geographically defined groups with relatively 
high population densities (Straus 2012). More recently, an ecological perspective known as 
Environmental Niche Modeling (Elith and Leathwick 2009) has influenced the study of past and 
present hunter-gatherer societies. This modeling perspective uses the species distribution and 
environmental data to predict present, future, or past distributions of the species of interest. 
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 Similarly, Eco-Cultural Niche Modeling (Banks et al. 2009) uses knowledge of 
environmental constraints affecting human foragers to reconstruct ecological niches exploited by 
past human populations. The approach combines paleoclimatic data from both oceanic and 
terrestrial environments with archaeological site information to identify the degree to which 
regional cultural variability reflects covariation in material culture and ecology. The main 
criticism of studies using an exclusively ecological perspective for the analysis of human 
behavioral adaptations is that, besides the basic environmental constraints that all societies face, 
humans have a unique ability to produce cultural solutions that mediate their relation with the 
environment. It is the material correlates of such cultural solutions that are the actual subjects of 
archaeological analysis. Therefore, we recognize that “human interaction with the environment is 
not the foundation of human society, nor is it a theoretical panacea” (Kelly 1995:36). 
 On the other hand, the use of ecological modeling to understand the past is based on 
strong inferences from environmental modeling that is not specifically dependent on 
archaeological information. Some of the ecogeographic approaches take into account global 
climatic millennial oscillations but are performed at a multimillennial cultural attribution scale, 
which privileges the karstic archaeological record (Schmidt et al. 2012). Models aiming to 
understand how LGM forager groups responded to climatic and environmental variability do not 
consider the exact correlation between the cold events and stadials and the time lags between 
when they occurred at various latitudes along the Atlantic coast (Sanchez Goñi and Harrison 
2010). Moreover, the exact impact of Heinrich Events (and Stadials) on terrestrial systems and 
the open-air sedimentary record is still not clearly established. In particular, studies focusing on 
western Iberia reveal that the preservation of the cave and rockshelter record is directly affected 
by sea level, karstic system circulation, and related vegetation changes during Heinrich 4 and 3 
(Angelucci 2002; Aubry et al. 2011).  
 Based on the archaeological record, and the complexity involved in the shaping of some 
of the Solutrean foliate points (namely the large laurel leaves), it has been proposed that the 
technological investment and knowledge of raw material sources needed to manufacture such 
tools could be related to a specific hunting strategy and high mobility during the LGM, which in 
turn promoted an increased level of contact between distant groups (Pelegrin 2007).  
 Considering that raw material sourcing is an effective way to reconstruct foraging 
strategies and the ranges involved in resource exploitation (Larick 1984), our aim is to analyze 
the adaptations of the human societies during the LGM as they relate to lithic raw material 
supply networks during the Upper Solutrean (22,500 to 23,500 cal BP) in two major regions of 
Atlantic Europe. A chronocultural, comparative framework is also established through the 
analysis of Middle and Upper Paleolithic phases in the same areas and makes it possible to 
examine similarities and differences within and among different climatic phases and cultures. 
This approach will be based on direct archaeological and geological studies of raw material 
sources. By identifying sources, we can infer spatial relationships between different geographical 
areas as well as define ranges and networks. Although the problem of unknown or depleted (and 
therefore possibly unrecognizable) sources, or the methodological limitations inherent in the 
characterization and environment of siliceous rocks (Aubry 2005), cannot be ignored, we can 
still be certain that raw materials were transported from point or area A (source) to a point B 
(discard location). The reconstruction of the exact means by which a lithic industry was 
displaced is difficult, perhaps impossible. Despite difficulties, the data nevertheless define a 
network of points that represent geological sources and archaeological sites (nodes), are linked 
by “edges” (the lines between source and discard locations; Easley and Kleinberg 2010), and 
define socioeconomic relationships. Our goals are to (1) establish potential areas of raw material 
exploitation by hunter-gatherers through the identification of sources in the archaeological record 
and through comparison with geological resource areas; (2) reconstruct the evolution of 
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exploited sources and territories through time and determine whether recurrent synchronic and 
diachronic patterns exist; and (3) determine if there is a direct correlation between environmental 
changes and raw material supply patterns.  
 
MATERIALS AND METHODS 
For the past 20 years, our ongoing study has applied a methodology is based primarily on data 
acquired through archaeological excavation of Solutrean sites, the identification of coherent 
taphonomically and archaeostratigraphically delineated lithic assemblages, and the analysis of 
these remains. The lithic raw materials are described macroscopically and classified into 
categories using petrographic methods (Aubry, Luís et al. 2012b; Aubry, Mangado, and Matias 
2014; Fernandes et al. 2008; Mangado 2002; Seronie-Vivien and Seronie-Vivien 1987). This 
characterization informs the geological survey since it suggests the formation environment of 
siliceous rocks (pedological, lacustrine, and oceanic) of some of the raw material types. 
However, the level of detail required is usually absent from geological literature and mapping. 
Therefore, extensive field survey is required to identify the specific geological formations, even 
at the outcrop level, and to distinguish primary from secondary positions. The geologic samples 
are analyzed following the same methodology as the archaeological material. 
 Once the nodes of the network are defined, the edges (i.e., the links between sources and 
discard areas) can be defined in two ways. Generally, they are defined through Euclidean 
geometry, by tracing direct lines between both points (Demars 1982; Féblot-Augustins 1997). 
However, since movement is constrained by geography, we have used least-cost path analysis to 
define links between points of the network, bearing in mind that, even though it is closer to the 
likely actual route of movement, the known limitations of the method (resolution of the Digital 
Elevation Model and a wide variety of algorithms) and unknown variables (vegetation and 
cultural constraints to movement, river fords, etc.) present limits to this analysis. In the present 
study we have produced least-cost paths on SRTM 90 DEM (Jarvis et al. 2008) for the Claise 
Valley and the Portuguese sites, and on a 100-m reclassification of GEBCO DEM (Becker et al. 
2009) for the sites outside these areas. All least-cost paths were determined with an anisotropic 
time model (Tobler 1993) using the method described by Matsumoto (2008). These networks 
define pathways used and land-use ranges. Our interpretation is also dependent on the concept of 
the chaîne opératoire, which determines how each category of raw material arrived on site and 
how it was transformed before being discarded or taken to another site (Pelegrin et al. 1988). In 
order to define a paleoclimatic influence on the range of the spatial networks, data are correlated 
with the Greenland ice core climate proxy record (GRIP, Johnsen et al. 2001) plotted on the 
SFCP2004 time scale of Shackleton et al. (2004). 
 Our study concerns two major areas of the Upper Solutrean geographical range across 
Atlantic Europe (Figure 1). The first one corresponds to the lower part of the Creuse Valley 
basin, one of the northernmost Solutrean site concentrations. From its geological context at the 
southern margin of the Parisian Basin, it is characterized by a wide variety of Mesozoic and 
Cenozoic lithostratigraphic units, bearing a large quantity and variety of high-quality flint 
(Aubry 1991). The second area is at the southeastern limit of the Solutrean range and is divided 
in two sub-areas. One is located in the West Portuguese Meso-Cenozoic border geological unit 
and in the Northern Portuguese Estremadura geographical entity, with abundant but low-quality 
flint nodules (Aubry, Neves, et al. 2008; Aubry, Mangado, and Matias 2014). The other, located 
in the lower portion of the Côa Valley, in the western limit of the Iberian Meseta, corresponds to 
the Iberian Hercynian crystalline basement, with no locally available flint sources (Aubry, ed. 
2009; Mangado 2002). 
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Figure 1. Location of Upper Solutrean sites with lithic assemblages analyzed in this study (white dots) and 
sites with Franco-Cantabrian shouldered points and large laurel-leaf points (black dots). Basemap: SRTM 
(present-day meters above sea level) showing approximate LGM coastline. 
 
1. les Roches d’Abilly; 2. les Maîtreaux; 3. la Guittière; 4. Abri Fritsch; 5. les Riaux; 6. la Tannerie;  
7. Fressignes; 8. Olga Grande 4; 9. Buraca Grande 
 
NORTHERN TERRITORIES 
Several Solutrean sites are known in the Vienne Valley and its tributary, the Creuse. Attribution 
is based on the typological assemblages and a few radiometric dates (Table 1). The sequence 
begins with a phase characterized by small laurel leaves and unifacial points (Allain 1989; Aubry 
et al. 2007; Smith 1966). The Upper Solutrean is better known, both in open-air sites and caves 
or rockshelters (Allain 1989; Aubry 1991; Aubry et al. 2007a; Trotignon et al. 1984; Vialou and 
Vilhena 2012). The Maîtreaux open-air site, located near an outcrop of large flint nodules, 
illustrates raw material management from its sources to its different destinations and the context 
of the use of lithic assemblages during this period. The site is dated to ~19,000 BP by a red deer 
antler in layer F at Abri Bordes-Fitte at les Roches d’Abilly (Aubry, Dimuccio, et al. 2012) and a 
charred bone in layer 8d at Abri Fritsch (Trotignon et al. 1984). Refitting and spatial analysis of 
the lithic remains recovered at Maîtreaux define several short-term occupation levels with 
assemblages characterized by the production of B-type shouldered points (Plisson and Geneste 
1984), backed bladelets, and both small and very large laurel leaves (Aubry et al. 1998, 2007a; 
Aubry, Bradley, et al. 2008). 
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Table 1. Upper Solutrean lithic assemblages analyzed in this study. 
Site Site type Country 
Long
. 
Lat. Layer Material 
Dating 
method 
Lab Ref. Age (yr BP) 14C calBPa Reference 
Bordes-Fitte Rock-
shelter 
France 0.70 46.9
5 
F antler 14C AMS OxA-22315 19,020 ± 110 23,262–22,255 
(95.4%)  
Aubry et al. 2012 
quartz OSL 92203 22,000 ± 1300 — Aubry et al. 2014 
feldspar OSL 92203 24,900 ± 1200 — Aubry et al. 2014 
Fressignes Open-air France 1.61 46.4
4 
2 — Typology — — — Vialou and Vilhena 
2012 
Fritsh Rock-
shelter 
France 1.00 46.6
7 
8d charred 
bone 
14
C GrN 5499 19,180 ± 230 — Trotignon et al. 1984 
les Maîtreaux Open-air France 0.94 46.8
2 
2 — Typology — — — Aubry et al. 1998 
les Riaux Open-air France 1.16 46.6
3 
Surfac
e 
— Typology — — — Aubry et al. 2003 
la Guittière Cave France 0.83 46.6
5 
Surfac
e 
— Typology — — — Patte 1944 
la Tannerie Cave France 0.73 46.4
0 
— — Typology — — — Pradel 1950 
Cardina 1 Open-air Portugal −7.1
0 
40.9
7 
4,10 quartzite TL Gif CAR 5 20,700 ± 1300 — Valladas et al. 2001 
Fariseu Open-air Portugal −7.1
1 
41.0
3 
9 charcoal 14C AMS GrA-40167 19,020 ± 80 23,175-22,595 
(95,4%) 
Aubry 2009 
Olga Grande 14 Open-air Portugal −7.0
5 
40.9
6 
2b — Typology — — — Aubry 2009 
Olga Grande 4 Open-air Portugal −7.0
5 
40.9
6 
2 — Typology — — — Aubry 2009 
Buraca Grande Cave Portugal −8.5
5 
39.9
8 
8c/9a — Typology — — — Aubry et al. 1997 
Fourneau du 
Diable 
Cave France 0.59 45.3
3 
— — Typology — — — Plisson and Geneste 
1984 
le Placard Cave France 0.42 45.6
9 
— — Typology — — — Plisson and Geneste 
1984 
a
 Calibrated ages and boundaries are calculated by using OxCal 4.2.4 (Bronk Ramsey 2013) and IntCal13 (Reimer et al., 2013). 
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 The least-cost path analysis reveals a vast network of raw material sources for the lithic 
materials recovered from different Upper Solutrean occupations (Figure 2), with a major 
northeast-southwest network corresponding to the Cher Valley Lower Turonian and Claise 
Valley Upper Turonian flint outcrops. Direct archaeological evidence of the exploitation of 
translucent, very-fine-grained flint from the lower Cher Valley during Early and Recent 
Aurignacian, final Gravettian, and Early and Upper Magdalenian have only been known since 
the beginning of the twenty-first century at site 30 of Mareuil-sur-Cher (Kildea 2008). Similarly, 
the transport of Upper Turonian flint from the Creuse and Claise Valley is attested through this 
entire sequence (T. Aubry in Kildea 2008). However, the Lower Turonian translucent variety, 
which contains black dendrite or point inclusions, is systematically present in Solutrean and 
Middle Magdalenian assemblages (Aubry 1991, 2009) but is not present in the local flint 
outcrops, the site 30 Solutrean archaeostratigraphic sequence, or the entire Cher Valley.  
 
 
Figure 2. Raw material network in the Creuse Valley during the Upper Solutrean, defined by least-cost paths 
between sources and discard sites. 
 
1. les Roches d’Abilly; 2. les Maîtreaux; 3. la Guittière; 4. Abri Fritsch; 5. les Riaux; 
6. la Tannerie; 7. Fressignes 
 
 Comparison of the network defined by Upper Solutrean assemblages with those defined 
by sites and occupations from other phases of the Middle and Upper Paleolithic reveals the 
transport of the same high-quality flint sources across distances that could reach 70 km, both by 
Neandertals and by anatomically modern humans, from the Middle Paleolithic to the Middle 
Magdalenian (Figure 3).  
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Figure 3. Raw material networks in the Creuse Valley during the Quina Middle Paleolithic phase (A), 
Aurignacian (les Cottés raw material data from Primault 2003) (B), Badegoulian (C), and Middle 
Magdalenian (D). Deep sea core ODP 609 used as a proxy of climatic phase. 
 
 However, as mentioned for the black inclusion variety of the Lower Turonian, the study 
reveals small variations in the sources of high-quality flint exploited in each region during 
different periods. The similarity of these geographic microfacies of high-quality flint 
systematically used and transported during each cultural phase of the Middle and Upper 
Paleolithic suggests an existence of specific, localized outcrops recurrently exploited for raw 
material reserves, blanks, or tools during the different periods. Their existence is demonstrated 
by workshop sites in the Middle Paleolithic (le Don in the Brenne region; Aubry and Rigaud 
2004 and different phases of the Upper Paleolithic (site 30, Mareuil-sur-Cher, Kildea 2008) and 
the Solutrean and Badegoulian period at Maîtreaux (Aubry et al. 2007a).  
 The open-air site of Maîtreaux, closely associated with Upper Turonian large flint slabs 
and nodules, permits a better understanding of flint exploitation and diffusion modalities 
(Almeida 2005; Almeida et al. 2013; Aubry et al. 1998, 2007b) and confirms that intentional 
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heating was used to produce red hematite from the local ferruginous materials (Salomon et al. 
2015). The local flint reduction sequences at Maîtreaux were aimed at the production of blades, 
shouldered points, bladelets, backed bladelets, and small and large laurel leaves (Almeida 2005; 
Aubry et al. 1998). However, the refitting and study of the bifacial thinning flakes reveal that the 
large laurel leaves were not finished on-site. Upper Turonian flint preforms, broken during the 
finishing phase, which are absent at Maîtreaux, were found in Bordes-Fitte rockshelter layer F, 
and complete preforms were found at la Guittière (Aubry et al. 2009). Large flakes 
corresponding to the thinning process were recovered in Abri Fritsch’s level 10 (Aubry 1991). 
On the other hand, the Maîtreaux assemblage yields thinning flakes of large laurel leaves made 
of a nonlocal flint present in the entire Upper Solutrean series (Aubry et al. 2009); in addition, 
several unretouched blades, or blades that were transformed into endscrapers, which document 
the first phase of the core preparation in the reduction sequence of shouldered point blank 
production, were made of flint from three other sources that were also systematically exploited. 
The exotic pieces (5 of more than 60,000 spatially documented artifacts) reveal the integration of 
this site in a wide network composed of different high-quality flint sources (Aubry 2013; 
Mangado et al. 2013) and define this site not only as the departure point of one type of raw 
material, but as a real network node. 
 
 
Figure 4. Raw material network in the Côa Valley and the Portuguese Estremadura during the Upper 
Solutrean, defined by least-cost paths between sources and places of discard. 
 
SOUTHERN TERRITORIES 
The Portuguese sites correspond to two distinct areas. The first is in a south-north valley along 
the main tectonic fractures of the ancient massif and is composed of crystalline rocks—
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particularly schist and granites. In the lower Côa Valley, best known for its large concentration 
of open-air Upper Paleolithic rock art (Zilhão, ed. 1997), human settlement from the Gravettian 
to the Azilian has been shown to be contemporary with the rock art (Aubry, ed. 2009; Zilhão, ed. 
1997). More than 150 km from the nearest flint sources, these sites reveal the use of local and 
regional fine-grained filonian quartz and also different types of Miocene lacustrine flints from 
the northern  Spanish Meseta and from both Middle and Upper Jurassic and Cretaceous marine 
environments, as far as 250 km to the southwest (Aubry, Luís et al. 2012). 
 The flint used for the production of type B shouldered points found at Olga Grande 4 and 
14 indicates a vast network including both distant areas (150–250 km) as well as closer sources 
of filonian silicifications (~50 km) (Figure 4). The local rock crystal, quartz, and quartzite 
varieties were not used to produce Solutrean points. Despite the distance of the flint sources used 
for the shouldered point and backed bladelets, these sites’ assemblages demonstrate the local 
production of small blades and bladelets, the use of heat-treatment, and retouch of some of the 
shouldered points (Aubry, ed. 2009). 
 Differences arise when comparing Upper Solutrean supply areas with those of the recent 
Gravettian from Cardina 1, and the Azilian occupation of Fariseu’s level 4 (Figure 5). A higher 
degree of use of distant sources is evident during the Gravettian, and during the Azilian there is a 
closer link to the Miocene flint from the southern Meseta, which is present in the fluvial terraces 
of the Tagus Valley. Despite continuing reduction in overall quantities, the same 400 km 
maximal extension of the supply network is maintained throughout the entire Upper Paleolithic 
sequence (Aubry, Luís et al. 2012). 
 The Buraca Grande cave is located in the Sicó Massif, in a valley deeply incised through 
Middle Jurassic limestone, where low-quality flint nodules are available in primary and 
secondary depositional contexts. The lithic assemblage of level 9a, typologically attributed to the 
Solutrean (Aubry and Almeida 2013), shows the use of this local source but also good-quality 
flint from sources 30–50 km to the south. The poor-quality local flint was also used for laurel 
leaves by systematic heat treatment of the material in the cave, sometimes through different 
phases of manufacture, as observed in all Solutrean occupations of Portugal (Aubry and Almeida 
2013). The lithic raw material supply area and specific sources are consistent throughout the 
Upper Paleolithic occupation (Middle Gravettian, ca 24,000 BP and Upper Magdalenian 
~11,000–12,000 BP (Aubry, Luís et al. 2012). 
 
RESULTS: ATLANTIC EUROPE NETWORKS DURING THE LGM 
In the southern group, the longest flint transport distances identified in the Buraca Grande 
Solutrean assemblage (<50 km) are similar to those of the regional filonian siliceous rocks 
observed in the Côa Valley (Fig 4). The origin of the Côa Valley’s exotic flint and silcrete 
suggests a vast network between hunter-gatherer bands (150–250 km) that integrates the 
Portuguese Estremadura and the northern Meseta. Data not only reveal the existence of different 
levels of resource supply in terms of distances traveled, but also demonstrate a clear research 
bias(i.e., scarcity of Upper Paleolithic fieldwork in the Iberian interior), concerning in the human 
occupation of the northern Meseta. Miocene lacustrine flint exploitation is consistent in this 
region throughout the Upper Paleolithic, reaching to the eastern limit of the Plateau in the Côa 
Valley, but so far no site is securely attested. Direct procurement by the Côa Valley inhabitants 
from sources in the northern Meseta seems implausible, since the distances in question are only 
known ethnographically for subarctic societies using watercrafts and dog sleds as means of 
transportation (Aubry, Luís et al. 2012). 
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Figure 5. Raw material networks in the Côa Valley during the Recent Gravettian (A) and Azilian (B). 
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 For the northern group, the Lower Turonian flint of the Cher Valley is systematically 
present in the Solutrean sites of the Creuse Valley (60/90 km) but also, at a distance of more than 
200 km, in some sites of the Charente, Dordogne (Aubry 2013), and in the Lot (Renard 2012). 
This indicates that Solutrean occupation of the Cher Valley, and other regions of the southern 
Parisian Basin, are still to be discovered. This is also suggested by the source of the Volgu laurel 
leaves flint in the Loire Valley, near Gien (Aubry et al. 2004), and recently demonstrated by the 
discovery of a Solutrean occupation at Ormesson, 70 km south of Paris (Bodu, Dumarcay and 
Naton 2014).  
 Between the two extreme areas studied we have defined least-cost paths between sites 
and sources in Aquitaine, based on direct knowledge of assemblages, as well as Cantabria, 
Asturias, and the Pyrenees, based on bibliographical data (Foucher 2007; Tarriño et al. 2013) 
(Figure 6). The networks demonstrate spatial relations that extend from the southern border of 
the Parisian Basin to southwestern Iberia, over a wide variety of ecosystems.  
 One could argue that these networks were never in use at the same time. However, the 
statistically contemporary dates from sites from different regional groups (Table 1), confirmed 
by the ages obtained in the Creuse Valley (Abri Fristch, layer 8d; Abri Bordes-Fittes) and the 
Côa sites (Fariseu, layer 9), argues otherwise, attesting contemporary occupations yielding 
similar shouldered type B points, even though they present stylistic variation adapted to different 
regional lithic resources. 
 Nevertheless, the spatial relations show an occupational void between the northern and 
southern slopes of the Cantabrian Mountains. This can be explained by an adaptation to 
ecological pressures, the existence of reserve areas (Straus 2013), or by the researchers’ lack of 
knowledge of raw material sources and their study biases (Aubry 2013). Only recently has it 
been demonstrated that Miocene lacustrine sources from the Douro depression of the northern 
Meseta were used in the Côa Valley, more than 150 km away. On the other hand, one of the 
least-cost paths between the Treviño flint and the Asturian site of Las Caldas (Tarriño et al. 
2013) passes a mere 27 km from the Mucientes Miocene flint sources used in the Côa Valley. It 
is therefore necessary to determine whether or not lacustrine flint from the Valladolid area is 
present in the Cantabrian and Asturian assemblages. 
 
DISCUSSION: LITHIC RESOURCE SUPPLY AS A PROXY FOR THE FORAGERS’ 
SOCIAL ORGANIZATION 
Our study relies on lithic raw material source areas to define spatial networks, based on both 
cave and open-air site lithic assemblages. These spatial relationships ignore important evidence 
that can also be used in such studies—most importantly, faunal analysis. Data on large 
herbivores provide a different perspective but are also affected by various biases (taphonomy, 
human prey selection, accumulations from natural processes or other predators, etc.). The main 
objection to the use of faunal remains recovered in archaeological sites for paleoenvironment 
reconstruction is the absence of valuable data on the ecology of extinct species (e.g., Bos 
primeginius) and the ecological significance of present-day distribution—namely the modern 
range of Capra pyrenaica and Rupicapra rupicapra, which were present at low elevations in 
Iberia during the last glacial phase. Moreover, ungulates exhibit substantial ecological plasticity 
(Guthrie 1982) and time lags in their responses to climatic shifts (Montuire and Girard 1998). 
For these reasons, the viability of using modern distributions of animal species to infer past 
ecology has been questioned (Rivals et al. 2009).  
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Figure 6. Raw material networks in Atlantic Europe during the Upper Solutrean in relation to average 
temperature (A) and annual precipitation (B) data from CCSM LGM climatic model (retrieved from 
http://www.worldclim.org/past [Accessed 26 Jan 2015]). 
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 In order to test how raw material supply may be related to climatic, environmental, and 
resource variation we have presented a comparison of raw material network with paleoclimatic 
reconstructions based on dated Middle and Upper Paleolithic occupations (Figures 3 and 5). The 
data do not reveal a clear chronological pattern, differences between Middle and Upper 
Paleolithic raw material networks, or any clear relationship between the cold conditions and the 
extension of human geographical range and sources of flint. Available data concerning faunal 
remains indicate that the use of the lower Turonian flint from the Cher Valley is attested to in the 
occupation levels where reindeer are dominant (Despriée et al. 2009; Trotignon et al. 1984), but 
also in occupations dominated by large bovines and equids, where reindeers are absent or 
marginally represented, in the Middle Paleolithic assemblages of the Roches d’Abilly site 
(Aubry et al. 2013), despite both sites having the same Creuse Valley open environment.  
 The faunal record for the Upper Paleolithic sequence preserved in caves and rockshelters 
of central Portugal is clearly distinct, reflecting a different impact of the cold millennial-scale 
climate oscillations established from the marine record of the western Iberian coast. The ratio of 
rabbits to ungulates at these sites increases from the Mousterian to the Magdalenian (Aubry et al. 
2001; Davis 2002; Haws 2011; Hockett and Haws 2009; Zilhão 1997b), which is interpreted as 
the result of a gradual increase in hunting pressure on the environment, probably because of 
higher human population density (Davis 2002). Red deer and wild boar dominate during the Late 
Glacial, in contrast to a better representation of equids, ibex, chamois, and aurochs before and 
during the LGM (Aubry et al. 2001; Davis 2002; Haws 2011; Zilhão 1997). The Sicó Massif 
record  in west-central Portugal reveals that flint sources from southern outcrops were 
systematically used from the Gravettian to the Final Magdalenian (Aubry et al. 2012b), despite 
the changes in observed faunal assemblages during the same period. Gruta da Oliveira (Torres 
Novas), a cave in the Almonda River karstic system between the Serra d’Aire Massif and the 
Cenozoic depression of the Tagus Valley (Zilhão et al. 2013), preserves a sequence of Middle 
Paleolithic occupation (90–40 kya). The study of the raw material sources of the Middle 
Paleolithic level 14 assemblage, dated to ~45 kya, has revealed the use of local quartzite, 
associated with Upper and Middle Jurassic and Cretaceous flint transported 0–20 km from the 
source (Matias 2012), which is similar to the sources of the Final Magdalenian raw material at 
Coelhos Cave in the same karstic system (Gameiro et al. 2013). 
 The fact that in both northern and southern groups raw material sources are not directly 
related to environmental change and the biotic resources exploited may account for the relative 
stability of the networks they define. Basic geology did not change through time, but knowledge 
and use of geology may have changed. Cultural choices exist, and they are noteworthy when 
networks dating to different times are being compared. Nevertheless, these cultural choices will 
always have to incorporate raw material constraints, and they will also reflect the organization of 
transport by the hunter-gatherers: whether it is embedded within daily subsistence forays 
(Binford 1980), the result of long-distance procurement (Féblot-Augustins and Perlès 1992), or 
exchange (Gamble 1999). 
 Whatever the case, these spatial relations can be used as a proxy for the organization of 
the societies that established these networks. We propose to interpret the different geographic 
scales identified in raw material supply independently of the region studied in response to the 
different levels of social organization of hunter-gatherer groups as proposed by Wobst (1974). 
Through the application of a central place model (Whallon 2006; Wobst 1974), the smallest 
spatial level of the local band would correspond to the local source ranges documented by flint 
transport reflected in Buraca Grande assemblages, which is similar to those defined by the 
regional siliceous filonian varieties of the Côa Valley sites. Miocene and exotic marine flint at 
these latter sites can be equated with maximal or connubium bands (Wobst 1974), the safety 
network upon which bands depend (Whallon 2006) and within which ties have to be maintained. 
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In this scenario, the presence of rock art at the western limit of the Meseta, the center of a 
network that connects the northern Meseta with the Atlantic Southwest, is suggestive of an 
interpretation of the Côa Valley as an aggregation area (Aubry, Luís et al. 2012). The fact that 
exotic raw materials are constantly present in significant quantities, reflecting consistent needs, 
and the evident knowledge of scarce local siliceous sources argue against the interpretation that 
the materials were transported in the context of casual travel. The same kind of inference could 
be applied to regional transport of Lower and Upper Turonian flint in northern Charente (le 
Placard), Dordogne (le Fourneau du Diable) and Lot (le Cuzoul de Vers), Upper Solutrean 
occupations, which corresponds to the distribution cluster of type A shouldered points (Aubry 
2013).  
 In summary, the data suggest that raw material sources define two networks at different 
scales throughout Atlantic Europe, independently of local environmental variation, and a 
continuous network between different Solutrean site concentrations is coming into focus. Besides 
establishing relations between different site concentrations, the territories defined by lithic 
resource exploitation reveal the systematic use of lithic resources from areas where Solutrean 
sites are not known. In our view, this fact indicates that the present Solutrean record is still 
incomplete since it is mainly based on easily detected and long excavated cave and rockshelter 
sites, and that most of the open-air sites related to flint exploitation and logistic hunting are yet to 
be discovered. 
 
NOTE 
We would like to thank John C. Willman for his review of the text and constructive comments. 
The text was lightly edited by L. G. Straus, who invited us to participate in the UISPP 
symposium on human adaptations to the Last Glacial Maximum in western Europe. 
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